Abstract. A precise estimation of the amount of enhancement in Higgs boson production through pp collisions at ultra-relativistic energies throughout promotion of the gluon distribution function inside the protons before the collision is presented here. The study is based mainly on the available Monte Carlo event generators (PYTHIA 8.2.9, SHERPA 2.1.0) running on PCs and CERNX -Machine, respectively, and using the extended invariant mass technique. Generated samples of 1000 events from PYTHIA 8.2.9 and SHERPA, 2.1.0 at √ s = 13 TeV are used in the investigation of the effect of replacing the parton distribution function (PDF) on the Higgs production enhancement. The CTEQ66 and M S RT W 2004nlo parton distribution functions are used alternatively on PYTHIA 8.2.9 and SHERPA 2.1.0 event generators in companion with the effects of allowing initial state and final state radiations (ISR and FSR) to obtain evidence on the enhancement of the SM-Higgs production depending on the field theoretical model of SM. It is found that, the replacement of PDFs will lead to a significant change in the SM-Higgs production, and the effect of allowing or denying any of ISR or FSR is sound for the two event generators but may be unrealistic in PHYTIA 8.2.9.
Introduction
In 1964, a boson field was theorized by Robert Brout, Franois Englert, Peter Higgs, Gerald Guralnik, C. R. Hagen, and Tom Kibble called Higgs boson H 0 to explain how the elementary particles in the SM acquire their masses via the Higgs mechanism. In order to find a connection between the experiment and the theoretical models, a wave function had to be introduced to describe the hadrons in terms of its constituent partons using what is called the Factorization theory [1] , which gives a prediction for the cross sections by factorizing out long-distance effects (which are not perturbatively calculable) from short-distance effects (which are perturbatively calculable) in a systematic fashion. The long distance effects are outlined into functions describing the distributions of partons in hadrons, where these functions are called the parton distribution functions (PDF) [2] . It can be measured experimentally by finding common functions that fit all the data concerning many observations [3] . Many analysis approaches have been introduced to study these functions for data from lepton deep inelastic scattering reactions (either through electron scattering or neutrino scattering [4] ) by suggesting suitable parametrizations of the structure functions, characterizing the structure of the target nucleon to leptonic probes [5] . Other models are introduced to describe the evolution of the parton density distributions with the square of the exchanged momentum Q 2 , taking into account their physical dependence on a e-mail: mhm.soleiman@gmail.com; mhmsoleiman@cu.edu.eg gluons, quarks, and antiquarks and deducing what is called the DG L A P equation [6] . On July 31, 2012, ATLAS [7] and C M S [8] experiments at the Large Hadron Collider (LHC) at CERN announced the discovery of the Higgs boson with a mass of 125.09 ± 0.21 GeV, where the most significant channels for the detection are H → γ γ and H → Z Z → 4l, since all final state particles can be measured very precisely to reconstruct the invariant mass, m H , with good identification resolution. This discovery confirmed the validity of the standard model for describing elementary particles and their interactions. A clear signal for the Higgs mass in the diphoton channel for the entire data set collected by the C M S experiment in P P collisions during 2011 and 2012 L HC running periods, gives the invariant mass of 124.7 ± 0.34 GeV with the significance of 5.7σ , where gg H process is expected using next-toleading order (N L O) matrix elements [9] .
The parton distribution functions multiply the partonparton scattering cross section with the summation over all parton families to formulate the total scattering cross section of the hadron-hadron interactions. The parton structure of hadrons in QCD, drives a rapid increase in the proton-proton scattering cross section at high energies [10] . The possibility of enhancement of heavy boson production through hadron-hadron collision has been studied theoretically for W ± , Z bosons at the L HC [11] . The study assumed that the standard model parameters are fixed at standard values and the PDFs of MRST99 and CTEQ5 started at scale of Q 2 = 1 GeV 2 . The nonnegligible variations in the production cross section have ISVHECRI 2016 been predicted. The initial state radiation (ISR) and final state radiation (FSR) must be taken into consideration in constructing the Higgs invariant mass. The study of the effects of ISR/FSR on the reconstruction of heavy lepton (top quark) masses are studied in [12] using PYTHIA 8 and POWHEG 1.0 Monte Carlo event generators. ISR and FSR contribute to the systematic uncertainty of the estimation of the number of Higgs events in association with W ± , Z bosons by about 5.2% in the search for Higgs boson production [13] . ISR/FSR modeling is vital in the reconstruction of Jets and photons at C M S. While the inclusive analysis is useful for constraining PDFs, the more exclusive channel could probe details of ISR and FSR modeling [14] . Search for the Higgs boson in all the hadronic final state using the full C DF data set taking into account the effects of uncertainties from ISR and FSR is done in Ref. [15, 16] .
In this work, we study the Higgs production in the gluon channel gg → H 0 through the diphoton decay (H 0 → γ γ ) using different parton distribution functions (PDFs) available already in Monte Carlo event generators (PYTHIA 8.2.9 and SHERPA 2.1.0). The first PDF is named CTEQ66 and expresses two pp collisions in excited proton states and the second is identified as M ST RW 2004nlo and describes pp collision in normal proton states.
The discovery channel
The decay mode H 0 → γ γ is very relevant to experimental searches for the Higgs boson. Although having a small branching ratio (about 0.23%) [17] , it has a clean signature and lower background than the other decay modes. The energy and momentum of the photons can be measured very precisely and an accurate reconstruction of the invariant mass of the decayed particle could be obtained by a simple calculation algorithm.
In the H 0 → γ γ channel a search is performed for a narrow peak over a smoothly falling background in the invariant mass distribution of two high p T photons. The decay mode can be well identified experimentally but the signal rate is small compared to the backgrounds both coming from two prompt photons (irreducible background) and from those in which one or more of the photons are due to decay products or misidentified particles in jets (reducible background). In order to optimize search sensitivity and separate the various Higgs production modes, ATLAS and C M S experiments split events into several mutually exclusive categories. Diphoton events containing a high p T muon, electron, dijets, or missing energy consistent with the decay of a W or Z boson are tagged in the vector boson to Higgs (V H) production category, and those containing energetic dijets with a large mass and pseudorapidity difference are assigned to the vector boson fusion (V B F) production category and the remaining events (99% of the total) are considered in the gluon fusion production (gF) category. While the V H category is relatively pure, the V B F category has significant contamination from the gluon fusion process. ATLAS uses the diphoton transverse momentum orthogonal to the diphoton thrust axis in the transverse plane [17] . , where the higher orders PDFs give more precise results of the cross sections as the partons inside the proton are allowed to have a total momentum larger than the momentum of the proton [18] . The effect of some of the next-to-leading-order corrections permits a large value of the gluon distribution function at small scale parameter x without compromising the quark distributions at large x. Two separate groups obtained full sets of parton distributions by fitting the structure function with data. The MC-adapted PDFs released so far from the M RST group with L O and N L O corrections [18] , and from the CT E Q group with MC1, MC2 and MC S [19] , where the most basic features of each PDF are listed in Table 1 .
• • CT E Q − PDFs: These PDFs have been introduced by the CT E Q group, adopting an approach, which is very similar to that of M ST W . The groups fit the majority of the available data, the recent significant update in widest use is CTEQ66 [20] . This is slightly older than the M ST W 2008 sets and is based on Tevatron data. They are available at N L O.
Diphoton reconstruction in MONTE CARLO analysis
In our analysis, we introduce the algorithms followed to reconstruct the Higgs invariant mass from photon candidates using two different Monte Carlo generators: PYTHIA 8.2.9 [21] and SHERPA 2.1.0 Monte Carlo generator [22] at √ s = 13 TeV. The algorithms do not make any hypothesis as to whether the photons originating from the Higgs particle (i.e Assuming m H = 125 GeV according to the latest updates from the L HC) or not, and without any selection criteria. The reconstruction process in any event is based on the collection of all possible photon candidates available in that event without any restrictions on the original parent particle.
The parton distribution functions (PDFs) available in both PYTHIA 8.2.9 and SHERPA 2.1.0 Monte Carlo generators are based on the calculations and fits done by the M ST W group and the CT E Q group. Our selections are M RST W 2004nlo and CTEQ66. These PDFs are already available officially through the programmatic library L H AP DF [23] .
As shown in Fig. 1 the diphoton decay mode is mediated by loop diagrams containing charged particles. The topquark loop and the W ± boson loop diagrams dominate the decay amplitude, though they contribute with opposite signs. In PYTHIA 8, the multiple interaction
have been chosen to be the interference process. This process goes through weak double Boson exchange.
In SHERPA 2.1.0, the shown process for Higgs production is the inclusive gluon fusion. The inclusive process is calculated at next-to-leading order (N L O) accuracy, including all interference effects between Higgs-boson production and the SM channel gg → γ γ contributions with all partonic processes are allowed. The corresponding matrix elements are taken from [24] and [25] .
Effect of initial state radiations and final state radiations
The parton showers in Monte Carlo generators are subdivided into two types, initial-state radiation (ISR) and final-state radiation (FSR). Initial-state radiation (ISR) arises because the incoming charged particles can radiate before entering the hard scattering process. A constituent parton from each of the incoming hadrons starts at high energy with low virtuality and evolves to higher spacelike virtuality by emitting partons and losing energy. The showering of these partons terminates when they collide to initiate the hard subprocess, and that is why ISR is considered to be complicated. It is ordered in increasing virtuality but since the simulation starts with the hard interaction, a corresponding backward-evolutions algorithm was formulated by Schumann and Krauss [26] and adopted in all shower models. The key point in backward evolution is that the evolution probability depends on the amount of partons that could have given rise to the one being evolved. As the collision energy increases, partons at smaller scale parameter x become involved and more particles can be produced in the ISR (see Fig. 2 ).
The Final-state radiation (FSR) starts after the hard collision as it takes the products of the collision and describes how they branch into more particles. After the FSR the hadronization starts, and the partons produced in the previous stages split up and combine into colorless hadrons than can survive and possibly reach a detector. As shown in Fig. 2 , the ISR are competing processes and can modify the total energy by further ISR branching, while FSR redistributes the energy among the outgoing partons. That is why ISR can lead to changes in the incoming PDFs. In the case of FSR, a color dipole can stretch from a 
Event generation and analysis
The aim of the study is to prove the effect of PDF on the Higgs production in pp collision at √ s = 13 TeV. The invariant mass plot for the Higgs decay into diphoton has been constructed using two different Monte Carlo event generators PYTHIA 8.2.9 and SHERPA 2.1.0. The diphoton invariant mass distribution is performed over the range 0 < m γ γ < 300 GeV. Binned fits are used for the speed of computation, and the bin size chosen is 1200 MeV, which is sufficiently small compared to the mass resolution, so that no information is lost. The description of the expected peak of Higgs invariant mass m γ γ is executed for the invariant mass region 100 ≤ m γ γ ≤ 150 GeV. The suitable fitting functions describing the Higgs peak, the background, and the total invariant mass distribution are given as follows:
where f 1 (x; p [1] , p [2] , p [3] ) is exponential times polynomial function.
where f 2 (x; p [4] , p [5] , p [6] ) is non symmetric extreme peak function.
where f total (x; p [1] , . . . , p [6] ) is the total fitting function. These fitting functions are found to be the best functions describing the background and the Higgs peak in the invariant mass plot inside the m γ γ region from 100 to 150 GeV.
The invariant mass extended technique is:
1. Obtain the invariant mass plot of m γ γ for a sample of (say 50 events) of PYTHIA 8.2.9 and SHERPA 2.1.0 events and for two predetermined PDFs. 2. Fit the invariant mass spectrum in the region 100 ≤ m γ γ ≤ 150 GeV with the total fitting function f total to obtain the six fitting parameters.
ISVHECRI 2016
[GeV] Figure 4 . The number of generated events vs. the integrated invariant mass using PYTHIA 8.2.9. The error bars are scaled by factor 30.
3. Subtract the integration of the exponential times polynomial fitting function from the invariant mass spectrum in the region 100 ≤ m γ γ ≤ 150 GeV to obtain a quantity proportional to the generated number of Higgs. 4. Obtain a plot between the integrated number of generated Higgs bosons and the number of generated events. 5. Determine the slope of the line fitting the points on the plot from the previous step.
The slopes of the fitting lines in the obtained graphs are sensitive to the replacement of PDFs. We take the error bars to be calculated by the square root of the integrated number of Higgs bosons from the invariant mass plot using the above technique. The calculation, fittings, and plots are produced on RO OT 5.34 environment.
Results and discussion
The diphoton invariant mass distributions are performed over the range 0 < m γ γ < 300 GeV. Binned fits are used for speed of computation, and the bin size chosen to be 1200 MeV, is sufficiently small compared to the mass resolution that no information is lost (see Fig. 3 ). Table 2 , shows the fit parameters of this combined functions for 1000 events generated by SHERPA 2.1.0.
The invariant mass spectrum shown in Fig. 3 Figure 7 . The number of generated events vs. the integrated invariant mass using SHERPA 2.1.0 with ISR off. The error bars are scaled by factor 30.
integration under the peak signal around 126 GeV has been estimated. Figures 4 and 5 show the relation between the number of generated events vs. the integrated invariant mass for PYTHIA 8.2.9 and SHERPA 2.1.0 respectively. The two plots show a linearity between the number of generated events and the number of Higgs events calculated by the integration under the peak signal, where the slope of each straight line shows an improvement in case of CTEQ66 than M ST RW 2004nlo. The values for these straight line parameters are shown in Table 3 , where P[0] is the y-intercept while p [1] is the slope of each line.
Due to the color-charged partonic initial states, every hard process at hadron colliders is accompanied by initial-and subsequent final-state radiation [8] . The results presented are obtained by keeping the initial state radiation off (see Figs. 6 and 7 ) and the final state radiation off (see Figs. 8 and 9 ). Figure 9 . The number of generated events vs. the integrated invariant mass using SHERPA 2.1.0 with FSR off. The error bars are scaled by factor 30.
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As shown in Figs. 6 and 7, the predictions from SHERPA 2.1.0 do not match with the predictions given by PYTHIA 8.2.9 (See Table 4 ). The results obtained from PYTHIA 8.2.9 show an inversion in the Higgs integrated production, where CTEQ66 is expected to be higher than M ST RW 2004nlo. The inversion appears in Fig. 6 represents that, PYTHIA 8.2.9 modifies the PDFs before starting the hard process.
Also, in Figs. 8 and 9 , the predictions from SHERPA 2.1.0 do not match with the predictions given by PYTHIA 8.2.9 (See Table 5 Figure 11 . The number of generated events vs. the integrated invariant mass using SHERPA 2.1.0 with ISR and FSR are off. The error bars are scaled by factor 30.
behaviors for the selected PDFs, but FSR is expected to be of minor effect on the Higgs production. Table 6 gives the obtained 
Conclusions
In the present work we study the possibility of preevolution of parton distribution function with Q 2 to affect the production of Higgs bosons in the frame of SM. The sensitive method of integrated number of Higgs invariant mass is used to study the effect of replacing PDFs (CTEQ66 for enhanced gluon state and M ST RW 2004nlo for ground state) in each of PYTHIA 8.2.9 and SHERPA 2.1.0 event generators.
The conclusions are given in the following:
1. The observation of the enhancement in the Higgs production is possible in the generated events from PYTHIA 8.2.9 and SHERPA 2.1.0. In the events where ISR and FSR are allowed, the replacement of PDFs shows significant differences in the Higgs production (The samples used in this study contain 1000 events for each event generator and for each PDFs). 2. The effect of replacing PDFs in PYTHIA 8.2.9 is more sound than in SHERPA 2.1.0 by a factor of three. 3. The expected behavior of the integrated number of Higgs invariant mass is accepted for all cases of ISR and FSR in SHERPA 2.1.0 while in PYTHIA 8.2.9, the absence of ISR leads to an inversion of the behavior. This shows that, PYTHIA 8.2.9 modifies the gluon distributions before executing the hard process. 4. In the case of removing the effect of ISR and FSR, there is an inversion in the behavior for the Higgs production of the two PDFs in PYTHIA 8.2.9 and a suppression in the Higgs production for both PYTHIA 8.2.9 and SHERPA 2.1.0 event generators with good resolution in SHERPA 2.1.0.
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